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Objectives:  To  determine  the  diagnostic  approach  to severe  or  profound  bilateral  postmeningitic  deafness
and  to propose  management  guidelines.
Material  and methods:  A  retrospective  review  of  ﬁve  patients  (two  adolescents  and  three  infants)  with
rapidly  progressive  severe  bilateral  deafness  following  an  episode  of meningitis  managed  between  2004
and 2010.
Results:  The  two adolescents  presented  Neisseria  meningitidis  meningitis  and  the  three  infants  presented
Streptococcus  pneumoniae  meningitis.  Acquired  bilateral  deafness  was  diagnosed  by audiometry  an  aver-
age of  68.8  days  (range:  9–210)  after  the  episode  of  meningitis.  Behavioural  audiological  testing,  adapted
to  age and  state  of  health,  was  performed  in all patients.  Deafness  was  conﬁrmed  by Auditory  Brainstem
Response  tests.  All  ﬁve  patients  were  assessed  by  computed  tomography  (CT)  and magnetic  resonance
imaging  (MRI)  within  ten  days.  T2-weighted  MRI  sequences  showed  endolymph  changes  in  four  patients.
CT  scan  demonstrated  ossiﬁcation  in  only  one  patient.  Bilateral  cochlear  implant  was  performed  in all
patients,  with  complete  electrode  array insertion  for eight  implants  and  partial  insertion  for two  implants
(20  and 21  out  of  22  electrodes  inserted).  Good  results  were  obtained  with  cochlear  implants  in  four  cases.
Conclusions:  Bilateral  deafness  can occur  immediately  or  several  months  after  bacterial  meningitis,
regardless  of the  micro-organism  responsible,  justifying  screening  by  behavioural  audiological  testing
adapted  to age  for  two  years  following  bacterial  meningitis.  Auditory  Brainstem  Response  testing  can
conﬁrm  audiometric  ﬁndings.  When  severe  or profound  bilateral  deafness  is  observed,  MRI  must  be per-
formed  urgently  to  detect  endolymph  inﬂammation  or ossiﬁcation.  Early  bilateral  cochlear  implantation
is  recommended  in  the presence  of  ossiﬁcation.. Introduction
Bacterial meningitis is the most common cause of acquired hear-
ng loss in children [1]. The risk of hearing loss has been estimated to
e 22% in Streptococcus pneumoniae meningitis and 8% in Neisseria
eningitidis meningitis [2]. According to data of the Epibac net-
ork, the infectious disease surveillance laboratory network, the
ncidence of acute bacterial meningitis in 2006 was  2.23/100,000
n metropolitan France with S. pneumoniae meningitis in 59% of
ases and N. meningitidis meningitis in 25% of cases. Our centre is
ituated in Seine-Maritime, a department with an incidence of bac-
erial meningitis higher than the national average (3.26/100,000)
hich, according to some authors, could be related to an increased
ncidence of N. meningitidis meningitis [3].
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Haemophilus inﬂuenzae vaccination has decreased the inci-
dence of Haemophilus inﬂuenzae meningitis in France [4] and
S. pneumoniae vaccination has decreased the incidence of severe
S. pneumoniae infections in the United States [5]. However, a
French epidemiological study failed to demonstrate any reduc-
tion of the number of cases of S. pneumoniae meningitis following
S. pneumoniae vaccination in children [6]. In France, S. pneumoniae
vaccination is recommended in children under the age of two years,
but is not mandatory.
Bacterial meningitis can cause deafness due to peripheral or cen-
tral hearing loss. Bacterial meningitis causes lesions via immune,
inﬂammatory, and ischaemic reactions, or by cerebral oedema.
Ossiﬁcation of the organ of Corti is the most serious complica-
tion after bacterial meningitis. The organ of Corti can be damaged
by inﬂammation with three successive stages: acute stage, ﬁbrosis
then ossiﬁcation. Ossiﬁcation after bacterial meningitis is reported
in as many as 80% of cases [7]. The ossiﬁcation process obliterates
endolymph and perilymph spaces with more marked damage of
the basal turn of the cochlea than the apex [8]. Ossiﬁcation varies
1 ryngology, Head and Neck diseases 131 (2014) 107–112
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No unusual features in terms of the frequency and number of
implant adjustments were observed for any of the ﬁve patients.
Initial activation was  performed sequentially with intervals08 A. De Barros et al. / European Annals of Otorhinola
ccording to the time since onset of meningitis and its capacity for
xtension and can make cochlear implant electrode array place-
ent difﬁcult or even impossible. When ossiﬁcation is observed
fter bacterial meningitis, there is therefore a race against time to
stablish the diagnosis of severe or profound bilateral deafness in
rder to rapidly propose a cochlear implant.
This retrospective study reviewed the medical charts of ﬁve
hildren with postmeningitic deafness requiring cochlear implants
uring the year following the infection and proposes management
hen bilateral deafness is suspected following an episode of bac-
erial meningitis.
. Material and methods
We  retrospectively reviewed the charts of all paediatric patients
n whom severe or bilateral profound deafness following bacterial
eningitis was identiﬁed between 2004 and 2010. Relevant data
f the clinical history, the diagnostic procedure, preoperative imag-
ng data, time interval between diagnosis of bilateral deafness and
ochlear implant, surgical ﬁndings with evaluation of ﬁbrosis or
ssiﬁcation, depth of electrode array insertion, number of adjust-
ents and their characteristics, and hearing performance were
ecorded for each case.
Hearing performance was evaluated on the basis of the last
vailable results of pure-tone and speech audiometry for adoles-
ents 1 and 2 and the APCEI scale for infants 3 to 5 [9]. The APCEI
cale can be used to evaluate communication capacities according
o 5 items summarized by the APCEI acronym word: Acceptance of
he implant, Perception of language, Comprehension, oral Expres-
ion, and speech Intelligibility in children. Each item is scored from
 to 5 with a maximum score of 25. The results depend on the child’s
ge and performances with the implant.
. Results
The study group, limited to ﬁve individuals, was composed of
 adolescents aged 16 and 17 years and 3 infants under the age
f 1 year (Table 1). The micro-organism responsible for meningi-
is was N. meningitidis (serogroup B) in the two adolescents, and
. pneumoniae in the three infants. Only one infant (patient 4) had
een vaccinated against S. pneumoniae (Prévenar®).
Hearing loss was identiﬁed during hospitalisation for meningitis
n three patients (patients 1, 2, and 4) with a brief time to diagnosis
Table 1).
The parents of patient 3 observed a change of behaviour on the
hild’s return home after the episode of meningitis. The diagnosis
f deafness was conﬁrmed by audiometry and ABR 92 days after
he onset of meningitis.
Patient 5 developed neurological disorders following meningi-
is, making behavioural audiometry difﬁcult to perform. Audiome-
ry was repeated by various operators in this patient: mild hearing
oss, mainly affecting high frequencies, was diagnosed immedi-
tely after the episode of meningitis. These ﬁndings were conﬁrmed
y ABR. This patient’s behavioural disorders subsequently deterio-
ated and profound bilateral deafness was diagnosed 210 days after
eningitis by audiometry and ABR.
All patients were assessed by CT and MR  imaging of the petrous
emporal bones within 10 days after the diagnosis of bilateral deaf-
ess in order to detect signs of ossiﬁcation or ﬁbrosis of the cochlea
Figs. 1 and 2). When no signs of active ossiﬁcation were detected,
RI  was repeated 1 month later (patient 2). For patient 5, two
arly MRI  examinations, performed during intensive care man-
gement of acute meningitis, did not demonstrate any endolymph
hanges. A CT scan performed 211 days after the onset of meningitisFig. 1. CT scan, axial section of the left petrous temporal bone in patient 5: partial
ossiﬁcation of the basal turn of the cochlea.
subsequently visualized left cochlear ossiﬁcation. Radiological and
hearing changes progressed over time in this patient.
All patients could be treated by cochlear implant. Patients 1 and
4 were operated very rapidly, as imaging demonstrated cochlear
ﬁbrosis and their general infectious and neurological state did not
contraindicate early implantation.
Electrode array insertion was complete for 8 out of 10 implants
and incomplete for the other 2 implants: 20 and 21 of the 22
electrodes were inserted, respectively. A classical electrode array
cochlear implant and a straight electrode array cochlear implant
were available for each procedure. Only patient 5 was implanted
with a straight electrode array on one side and a classical electrode
array on the other side.
In two  out of four cases, the preoperative CT scan was nor-
mal, while MRI  demonstrated endolymph changes. The surgeon
encountered difﬁculties in all patients with abnormal MRI ﬁndings:
absence of endolymph, cochleostomy difﬁcult to perform due to
early ossiﬁcation or difﬁcult electrode array insertion.Fig. 2. MRI, T2-weighted sequence, axial section of the petrous temporal bones of
patient 5: partial extinction of the T2 hyperintensity of the endolymph of the left
cochlea suggesting cochlear ossiﬁcation or ﬁbrosis.
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Table 1
Characteristics of the 5 patients implanted after bilateral postmeningitic deafness.
Patient Type of
meningitis
Interval between meningitis
and diagnosis of deafness
(days)
Imaging ﬁndings Interval between
meningitis and
imaging changes (days)
Age at
implantation
Interval between
meningitis and
implantation
Surgical ﬁndings Electrode array
insertion
CT MRI
1 Neisseria
meningitidis
9 N Bilateral
ﬁbrosis
22 16 years 29 Difﬁcult insertion Complete
bilateral
2  Neisseria
meningitidis
20 N N N 17 years 74 No difﬁculty Complete
bilateral
3  Streptococcus
pneumoniae
92 Bilateral
ossiﬁcation
Bilateral
ﬁbrosis
186 8 months 210 Difﬁcult
cochleostomy,
no ﬂuid
Incomplete
unilateral
(20/22
electrodes)
4  Streptococcus
pneumoniae
13 N Bilateral
ﬁbrosis
26 4 months 28 Difﬁcult
insertion,
no ﬂuid
Complete
bilateral
5  Streptococcus
pneumoniae
210 Left ossiﬁcation Left ossiﬁcation
Right ﬁbrosis
211 11 months 237 Difﬁcult
insertion,
no ﬂuid
Incomplete left
unilateral
(21/22
electrodes)
N: normal.
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Table  2
Functional results in adolescents.
Patient Number of adjustments during
the 1st year
Hearing
performance
1 5 100% at 50 dB
2  7 90% at 60 dB
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dren implanted after bacterial meningitis, Chan described more
T
Fearing performances: maximum intelligibility on Fournier’s list with 2 cochlear
mplants.
anging between three weeks to one month between activation
f the two implants in patients 4 and 5 due to severe fatigability. In
he two adolescents in good general health, problems of diplacusis
ere detected and corrected by adjusting the frequency attribution
ones of each electrode by the second adjustment session.
The two adolescents (patients 1 and 2) obtained very satisfac-
ory results on speech audiometry in silence, and both were able
o use a telephone and lead an active work and social life (Table 2).
he three infants (patients 3, 4, 5) are managed in a Centre d’Action
édical Social Précoce (early medical and social intervention cen-
re). They accept and willingly use their cochlear implants. Patients
 and 4 present the expected progress of their oral communication
Table 3). Patient 5 developed hydrocephalus following meningi-
is, requiring placement of a ventriculoperitoneal shunt prior to
ochlear implantation. This infant presents communication difﬁ-
ulties, which appear to be related to global retardation due to
eurological sequelae of meningitis.
. Discussion
The deﬁnitive diagnosis of severe or profound bilateral deafness
as established an average of 33.5 days after the episode of menin-
itis in 4 out of 5 patients (patients 1 to 4), similar to the time to
iagnosis reported in the literature: 4 to 28 days [10]. Medical teams
ust therefore be fully aware of this risk and must seek advice from
he audiophonology team. When compatible with the patient’s
tate, pure-tone and speech audiometry should be performed dur-
ng one or several sessions. Management must be adapted to the
atient’s age and attention capacities. ABR and Auditory Steady-
tate Response (ASSR) studies should be rapidly organized. When
he patient is conﬁned to bed or when an appropriate response to
udiometry cannot be obtained, ABR and ASSR can be performed at
he patient’s bedside.
ASSR was not routinely performed at the time of management
f the patients of this study. The use of ASSR combined with ABR
as now become common practice to conﬁrm the diagnosis of pro-
ound deafness, especially in infants in whom ﬁrst-line behavioural
udiometry cannot be performed [10]. Since January 2011, we use
SSR in the diagnostic assessment of postmeningitic deafness. ABR
nd ASSR must be performed under conditions of complete rest,
hich are relatively easy to obtain in these patients who present
ttention disorders and marked somnolence after the episode of
eningitis. If these examinations are performed after recovery
rom meningitis, and if complete rest cannot be obtained, premedi-
ation or general anaesthesia can be necessary, especially in young
hildren.
able 3
unctional results in infants.
Patient Number of months of
activation
Age at evaluation Most recent re
Acceptance 
3 22 3 years 7 months 5 
4  20 2 years 4 months 5 
5  17 2 years 2 months 4 ogy, Head and Neck diseases 131 (2014) 107–112
Otoacoustic emissions can be used as a supplementary objective
test during auditory function tests, but they are no longer observed
in the case of hearing loss greater than 30 dB and cannot be used to
establish an auditory threshold by frequency. The absence of otoa-
coustic emissions therefore prevents any conclusions concerning
the diagnosis of deafness.
If objective examinations, ABR and possibly ASSR, indicate sus-
pected deafness, behavioural audiometry should be performed as
soon as possible according to a protocol adapted to the patient’s age
and general state of health [11]. According to the protocol described
by Delaroche, behavioural reactions (cochleopalpebral reﬂex, mod-
iﬁcation of respiratory rate, suckling, righting reﬂex) are observed
in infants (patients 3 to 5, less than six months old at the time of
the ﬁrst examination) [11]. A highly reactogenic vibrator is used to
determine bone conduction, but only globally, as masking is impos-
sible in infants. Headphones are therefore used, either at the ﬁrst
audiometry when the infant’s attention is sufﬁcient, or at a sec-
ond session, to establish separate ear air conduction curves. This
protocol provides complete audiometric curves. However, due to
fatigability related to the infection, audiometric parameters had to
be measured several times in order to obtain or conﬁrm the ﬁnal
results in all infants. No particular difﬁculties were encountered
during audiometry in the two  adolescents.
It is difﬁcult to deﬁne the optimal duration of follow-up after
bacterial meningitis in view of the limited data available in the lit-
erature. We  propose follow-up by behavioural audiometry every
four months for two  years after meningitis. When audiometry is
abnormal or in the case of unilateral hearing loss, long-term annual
follow-up is required. In the present series, patient 5 presented pro-
found bilateral deafness 210 days after the episode of meningitis,
detected by the follow-up protocol described above.
When a diagnosis of severe or profound bilateral postmeningitic
deafness has been established, the presence of labyrinthine lesions
must be investigated by MRI  of the petrous temporal bones. Reduc-
tion of the MRI  T2 signal indicates replacement of endolymph by
solid tissue. It is difﬁcult to establish a direct correlation between
MRI  ﬁndings and the difﬁculty of surgical insertion of the cochlear
implant electrode array [10]. Eight out of ten ears in our series
presented modiﬁcations of the T2 signal of endolymph on MRI  of
the petrous temporal bones. The surgeon encountered technical
difﬁculties in each of these cases, but with little impact on the per-
formance of electrode array insertion: complete insertion in six out
of eight ears (75%). The two  cases of incomplete insertion were
limited, as only one electrode for patient 5 and two electrodes for
patient 3 could not be inserted. These good surgical conditions at
the time of cochlear implantation can certainly be attributed to the
rapid management and the limited extent of endolymph changes.
The choice of imaging modality and the expected results can
be guided by the data of the literature: poor sensitivity of CT for
labyrinthine ossiﬁcation, between 40 and 53% according to vari-
ous authors [12–14], while the combination of CT and MRI  has a
sensitivity of 90% [15]. Based on a retrospective review of 33 chil-advanced lateral semicircular canal ossiﬁcation in 69% of children
with a sensitivity of 90% to predict the presence of ossiﬁcation
at surgery [16]. We  did not observe any signs or more advanced
sults on the APCEI scale
Perception Comprehension Expression Intelligibility
3 3 2 2
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ateral semicircular canal ossiﬁcation compared to that of the
ochlear basal turn in our patients with CT changes.
Absence of endolymph or early signs of ossiﬁcation were
bserved at various times after meningitis in our study: either very
arly (22 days for patient 1) or very late (211 days for patient 5).
ery early and very late ossiﬁcation have also been reported in
he literature [14]. These labyrinthine changes, which can prevent
ochlear implantation or complete electrode array insertion, are
herefore unpredictable. However, complete or incomplete elec-
rode array insertion can impact on hearing performances with a
egative correlation between the extent of ossiﬁcation, the number
f electrodes inserted and hearing performances [12,14,17].
Cochlear implant surgery is rapidly proposed following the diag-
osis of severe or profound bilateral deafness following bacterial
eningitis in the presence of MR  signs of endolymph changes.
owever, when there is no immediate risk of ossiﬁcation, at what
ime should cochlear implantation be proposed? MRI  surveillance
an be reassuring, but how often and for how long should it be per-
ormed? We  recommend monthly MRI  while waiting for cochlear
mplantation in order to detect any endolymph changes.
Some authors have reported improvement of hearing over time
nd consequently recommend waiting six months before propos-
ng a cochlear implant. However, this improvement is usually only
imited in the presence of already severe or profound deafness
18]. According to other authors, this wait-and-see approach is
ot justiﬁed, as no improvement is observed in the contralateral
ar following unilateral implantation [14]. We  propose early bilat-
ral cochlear implantation, even when imaging does not reveal any
igns of ﬁbrosis, as in the case of patient 2, who was operated three
onths after the episode of meningitis. This decision is reached by
 multidisciplinary team: audiophonologist, ear surgeon, hearing
id technician, speech therapist, psychologist. A previously hear-
ng patient can wake up deaf after a stay in the intensive care unit
or bacterial meningitis. This sudden hearing disability is poorly
olerated, as lip reading is not yet effective and the results of reha-
ilitation by hearing aid are very poor in these patients with severe
r profound deafness. If the patient and family are psychologically
repared for bilateral cochlear implant surgery and when compat-
ble with the patient’s state of health, we perform surgery as soon
s possible.
Bacterial meningitis causes deafness as a result of labyrinthitis,
uditory nerve damage [19–21], or a central lesion [22]. Acute bac-
erial meningitis induces an immune reaction causing damage to
he organ of Corti and destroying the cells of the spiral ganglion
23].
Ossiﬁcation does not constitute an obstacle to effective electri-
al stimulation of the cochlear implant, as good results have been
eported in the literature, as in our series [24]. According to some
uthors, electrical stimulation by the cochlear implant improves
he survival of spiral ganglion cells and prevents retrograde nerve
egeneration [12].
Acute bacterial meningitis can induce central lesions with cere-
ral oedema, hydrocephalus, cerebral ischaemia and deafness, as
ell as cognitive disorders. Neurological sequelae are observed in
n estimated 15% of cases [25], regardless of the micro-organism
esponsible, N. meningitidis or S. pneumoniae.
A meta-analysis assessed the value of dexamethasone in the
reatment of bacterial meningitis: dexamethasone did not appear
o decrease mortality or the incidence of neurological lesions, but
he risk of deafness was lower in surviving patients [25]. Animal
tudies with a combination of dexamethasone and nerve-growth
rotein (neurotrophin-3) have provided promising results [26].All patients in this series obtained satisfactory results with their
ochlear implant, except for patient 5 despite good acceptance
f the implant (Tables 2 and 3). This infant presented post-
acterial meningitis hydrocephalus with poor performances for theogy, Head and Neck diseases 131 (2014) 107–112 111
perception, expression and intelligibility items 17 months after
cochlear implantation. In the literature, the results of cochlear
implantation were equally satisfactory in postmeningitic and
congenitally deaf children. However, children with neurological
sequelae of meningitis presented poorer hearing performances
[8,27,28].
In routine cochlear implant practice, in children in whom pro-
found deafness is not related to meningitis, a trial of a conventional
hearing aid is conducted for a minimum of six months in order
to ensure, especially in infants, the absence of a satisfactory func-
tional result and to allow time for possible recovery of hearing loss.
In the speciﬁc setting of postmeningitic deafness, several authors
have reported improvement of perception thresholds in 12 to 14%
of children after intervals of 16 to 36 months [29]. Cases of spon-
taneous or much more delayed recovery have also been reported
[18,30], but recovery was  always extremely limited in these cases.
A trial of conventional hearing aid was not feasible in patients 1 to
4 of our series due to the rapid onset of ossiﬁcation.
The ﬁve patients of this series were therefore treated by early
and simultaneous bilateral cochlear implantation according to the
recommendations of the literature and the Haute Autorité de la
Santé (French National Authority for Health) guidelines published
in December 2007. Bilateral cochlear implantation is proposed for
two reasons: the risk of cochlear ossiﬁcation, which would prevent
subsequent electrode array insertion, and the difﬁculty of deter-
mining whether nerve lesions on either side could decrease hearing
performances [10].
5. Conclusion
Bilateral deafness can occur immediately or several months after
bacterial meningitis, regardless of the micro-organism, requiring
audiometric surveillance adapted to the patient’s age for a period
of two  years.
We propose the following audiological and radiological surveil-
lance protocol after bacterial meningitis:
• when there is no doubt concerning hearing: an appointment is
made before the patient’s discharge from hospital for pure-tone
and speech behavioural audiometry adapted to the patient’s age
and level of concentration. Audiometry should be repeated every
four months for two  years. When audiometry demonstrates sen-
sorineural hearing loss, it must be conﬁrmed by ABR and ASSR.
When deafness is conﬁrmed, MRI  should be performed as soon
as possible (within ten days);
• when deafness is suspected on the basis of the child’s behaviour,
an urgent appointment is made with the audiophonology team.
When the patient is not conﬁned to bed, the protocol described
above can be applied. When the patient is bed-ridden, ABR and
ASSR should be performed at the patient’s bedside. When these
examinations indicate sensorineural hearing loss, audiometry
and MRI  should be performed as soon as possible.
This protocol is able to rapidly diagnose severe or profound bilat-
eral deafness. Finally, when cochlear implantation is decided, it
must be performed prior to onset of cochlear ossiﬁcation.
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